Abstract: Ni(II) complexes of N,N '-di(pyrazin-2-yl)pyridine-2,6-diamine (H 2 dpzpda) with different anions were synthesized and their structures were determined by X-ray diffraction. Hydrogen bonds between the amino groups and anions assembled the mononuclear molecules into different architectures. The perchlorate complex had a 1-D chain structure, whereas switching the anion from perchlorate to nitrate resulted in a corresponding change of the supramolecular structure from 1-D to 3-D. When the nitrate complex packed with the co-crystallized water, a double chain structure was formed through hydrogen bonding. The magnetic studies revealed values of g = 2.14 and D = 3. 
Introduction
Hydrogen bonding has attracted much attention since it plays a crucial role in biological systems, supramolecular chemistry, molecular recognition and crystal engineering [1] [2] [3] . As one of the most important noncovalent interactions, it participates in the assembly of new functional materials into 2-or 3-D networks with channels or huge pores [4] [5] [6] . Although the factors affecting molecular crystallization are intricate, self-assembly combined with hydrogen bonding is often a necessary ingredient for obtaining novel architectures. It was also found that solvent is an important factor in the packing of molecules into crystal frameworks [7] .
Oligo-α-pyridyl(pyrazyl)amine ligands are very effective in producing linear metal string complexes and are also capable of forming coordination polymers [8] [9] . In the latter case, the amino groups are not deprotonated but usually remain uncoordinated, with the free -NH groups acting as excellent donors for hydrogen bonding. In this paper we describe three Ni(II) complexes of N,N'-di(pyrazin-2-yl)pyridine-2,6-diamine (H 2 dpzpda) built with different anions and solvent molecules displaying 1-D, 3-D and double chain structures as a result of hydrogen bonds.
Results and Discussion
Crystal structure description Complexes 1, 2 and 2·H 2 O were synthesized by reacting nickel(II) salts with the (H 2 dpzpda) ligand in methanol. The structures of these complexes were then established by X-ray crystallography. Selected bond lengths and angles are listed in Table 1 and the corresponding hydrogen bond  geometries are listed in Table 2 . The three complexes are mononuclear species with a hexacoordinated, octahedral geometry. In complex 1, the nickel atom sits in the C 2 axial position. The crystal structure of 2 without a crystallized water molecule has D 2 symmetry, whereas the 2·H 2 O species has rather low symmetry. The H 2 dpzpda ligand is coordinated with the Ni(II) atom as a tridentate species and the amino group nitrogen atoms are free. One of nitrogen atoms in the pyrazine ring (4-N) is uncoordinated, which is unexpected and very different from the previously reported H 2 dpzpda complex of copper(II), [Cu 2 (µ 3 -H 2 dpzpda) 2 (H 2 O) 2 ] n (ClO 4 ) 4n [8] , in which H 2 dpzpda coordinates to three metal atoms acting as a bridging ligand and leads to the formation of a 2-D complex with a [2×2] grid (Scheme 1). The Ni-N bond distances of high spin Ni(II) compounds are in the 2.062 to 2.103 Å range. When complex 2 included a water molecule into the crystal packing as 2•H 2 O, the symmetry decreased to a triclinic crystal system with P ī space group. The intermolecular hydrogen bonds through amino group and nitrate, [N(9)−H···O(1), 2.805 and N(11)−H···O(2B), 2.892 Å], still existed, and 1-D chains were formed along the a axis. It is very interesting that a 6-member oxygen ring, [O(6A)···O(7)···O(5C)···O(6C)···O(7D)···O(5A)···O(6A)], formed through the hydrogen bonding between nitrate anion and the cocrystallized water molecule [O(6A)···O (7), 2.781 Å; O(5C)···O (7), 2.830 Å; O(5C)···O (7)···O(6A), 122.0°; symmetry operation code: A = x+1, y, z, B = x-1, y, z, C = -x+1, -y, -z.] was found and further linked into the 1-D chain structure through hydrogen bonds [N(4)−H···O(7) (2.820 Å) and N(2)−H···O(4) (2.896 Å)], and the paired 1-D chains became a double chain ( Figure 3 ). The 6-member ring adopted a chair configuration and stabilized the double chain structure. (12) 88.68 (6) Symmetry operation for 1: A = -x, y, -z+1/2; for 2: 
Magnetic and spectroscopic properties
The temperature-dependent magnetic susceptibilities of 1 and 2 are displayed in Figures 4 and 5 , respectively. Both of them exhibited a monotonic decrease of magnetic susceptibility with increasing temperature from 2K to 300K. The effective magnetic moment at room temperature was 3.06 B. M. for 1 and 3.15 B. M. for 2, which corresponds to expected spin-only value of two unpaired electrons with considerable orbital contribution. A substantial drop of magnetic moment was observed below 16 K due to spin-orbital coupling. The experimental data were fitted with the axial anisotropic model for an S = 1 system:
where D is the zero-field splitting parameter and χ = (χ // +2χ ⊥ )/3. To simplify the calculation only one g value was considered (g // = g ⊥ = g). A least squares fitting method taking into account MFA (MeanField Approximation) led to g = 2.14, D = 3.11 cm -1 , zj = -0.09 cm -1 and F = 6.89×10 -7 for 1 and g = by the strong π-π* absorption of the complex.
Conclusions
In this paper we describe three Ni(II) complexes of N,N'-Di(pyrazin-2-yl)pyridine-2,6-diamine (H 2 dpzpda) built with different anions. Hydrogen bonds between amino groups and anions assembled the mononuclear molecules into different architectures. The perchlorate complex had a 1-D chain structure, whereas the nitrate complex displayed a 3-D network. When the nitrate complex packed with cocrystallized water, a double chain structure was formed through hydrogen bonds. The magnetic studies revealed g = 2.14 and D = 3. 
Experimental

General
All reagents and solvents were obtained from commercial sources and were used without further purification. The ligand H 2 dpzpda was synthesized using the previously reported method [8] . Absorption spectra were recorded on a Hewlett Packard Model 8453 spectrophotometer. IR spectra were measured on KBr discs in the 400-4000 cm -1 range with a Perkin Elmer FT-IR spectrometer (PARAGON1000).
Preparation of compounds [Ni(H 2 dpzpda) 2 ](ClO 4 ) 2 (1)
A mixture of H 2 pzppda (50 mg, 0.19 mmol) and Ni(ClO 4 ) 2 •6H 2 O (37 mg, 0.10 mmol) in methanol (50 mL) was stirred overnight. The solution was then filtered to remove insoluble impurities and concentrated under vacuum. After slow evaporation of the solvent orange-yellow crystals suitable for X-ray diffraction were produced (62 mg, yield: 83% 
Crystal Structure Determinations
The chosen crystals were mounted on a glass fiber. Data collection was carried out using a Mo-Kα radiation (λ = 0.71073 Å) and a liquid nitrogen low-temperature controller at 150(1) K on a NONIUS KappaCCD diffractometer for 1 and 2, and BRUKER SMART ApexCCD for 2·H 2 O. Data reduction was performed on the DENZO-SMN [14] software for 1 and 2, and Bruker SAINT [15] for 2·H 2 O. The absorption correction was applied with SORTAV [16] program for 1 and 2, and SADABS [17] for 2•H 2 O. All structures were solved by the SHELXS-97 [18] and refined with SHELXL-97 [19] using the full-matrix least squares on F 2 values. Molecular graphics were plotted using SHELXTL [20] . The detailed crystal data are listed in Table 3 . CCDC-640746~8 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_rquest/cif 
